We argue that perceivers associate collective directional movementgroups moving from one place to the nextwith higher levels of social cohesion. Study 1 shows that pairs are rated as being more cohesive when described as engaging in directional movement compared to non-directional activities. Study 2 replicates this finding using film clips. Study 3 reveals that the proximity of directionally moving dyads is a better predictor of perceived cohesion than behavioural synchrony. Study 4 replicates the original finding and reveals that perceptions of common fate and shared goals both contribute to the effect, with the former having more predictive power than the latter. We suggest that collective directional movement is an invariant part of social environments and is utilized by perceivers to make inferences about social dynamics.
Several years ago, whilst travelling alone in Europe, one of us unexpectedly found himself walking down a street alongside a large protest march. Not being familiar with the local language, the chants, shouts, and slogans scrawled on banners were of no help in determining the reason for the group's apparent discontent. What was very clear, however, was that this was a unified group of people who shared a common purpose. Despite an unsuccessful struggle to infer what that common purpose actually was, what was not difficult to infer was that this group, behaving in this way, could reasonably be considered a cohesive entity. This paper is about how certain cues facilitate these kinds of social inferences.
The act of moving from one place to another with others is arguably one of the most ancient and fundamental of all social behaviours. Mobile organisms face a number of potential risks as they move from A to B, and collective movement is one strategy (among many) that has emerged in the biological world to mitigate these risks (Boinski & Garber, 2000) . For species that are highly social and dependent upon collaboration, banding together in groups to traverse shared environments can offer a multitude of benefits. Both the modern world and the historical record are replete with examples of humans travelling together, from one place to the next, for all sorts of reasons. It is, we suggest, one of the defining features of human social life and is one of the few social behaviours that connects the first groups of bipedal apes who got together to collectively hunt for prey,
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited. *Correspondence should be addressed to Stuart Wilson, Division of Psychology, Sociology & Education, Queen Margaret University, Edinburgh EH21 6UU, UK (email: swilson@qmu.ac.uk). Data and Materials can be accessed at: https://osf.io/d6s9c/ seek fresh pastures, or travel to the moon. Each of these activities involved a group of individuals moving from one place to another place, sharing a common fate, with significantly overlapping goals. Somewhere between the innovations of the early hominids and the modern-day interplanetary explorers we find most other humans, forever repeating a familiar pattern of behaviour: moving as part of a group from one place to another. This is what we are calling collective directional movement.
Recently, Wilson, Bassiou, Denli, Dolan, and Watson (2018) defined collective directional movement as an adaptive social behaviour that is notable for the interdependence that it entails between those engaged in it. Interdependence between the constituent parts of a group-or common fate-has long been linked to group cohesion (Campbell, 1958) . We define cohesion as the prosocial sentiments and feelings of togetherness that exist between members of a group. Such sentiments may take the form of experienced social closeness, often described in such terms as camaraderie and rapport. Members of cohesive groups will trust one another, experience a bond of friendship, and be motivated to act in each other's interests. Wilson et al. (2018) suggested that the psychological mechanisms governing social bonding are sensitive to certain kinds of group activity. They characterized collective directional movement as a collaborative social behaviour that entails interdependence between participants, and from this they derived predictions about how it might influence first-person ratings of cohesion. The data from their five studies strongly suggested that engaging in (or imagining engaging in) collective directional movement is associated with higher self-reported cohesion compared to engaging in (or imagining engaging in) static activities.
With the current studies, we investigated the relationship between collective directional movement and social cohesion from a third-person perspective. We justify this in the following way. As Wilson et al. (2018) point out, the utility of collective directional movement as a behaviour has made it a ubiquitous part of social life. Indeed, one could argue that it represents an invariant feature of human social environments, in the sense that it is found in every society that we know about. As Wilson et al. have shown, participating in collective directional movement promotes social cohesion. This leads us, tentatively, to suggest that the relationship between collective directional movement and social cohesion is recurrent and statistically reliable in social ecologies, both over short timescales and over extended evolutionary time. We therefore propose that collective directional movement represents an invariant part of the social landscape (it is common enough to be seen in all social settings), which, in turn, serves as a reliable indicator of the social dynamics of the individuals engaging in it (based on Wilson et al.' s findings and on the observation that travelling groups will tend to be cohesive more often than not due to the importance of cohesion for successful collaborative activities; see Mullen & Copper, 1994) .
Environmental invariances represent potential targets for selection processes when the invariant feature is of adaptive relevance (Barrett, 2015) . In the physical world, for example, the fundamental properties of solid objects (e.g., edges and contours) are environmentally invariant. Given that it is adaptive for organisms to make reliable inferences about things in their physical environment, selection processes led to the emergence of perceptual systems that exploit the invariant features of physical objects (e.g., Marr, 1982) . This logic is grounded in an information-processing approach to perception, which allows us to postulate that any input/output mechanisms governing inferences about the world will use as inputs any relevant features of the environment that were reliably present over evolutionary time. We can also apply this reasoning to social perception. If certain social phenomena are recurrent, salient, and information-rich (to social perceivers), then we might expect mechanisms to develop that exploit these invariant properties, allowing for reliable social inferences to be made (see Haselton & Funder 2006) . In relation to this, Pietraszewski et al. (2015) argue that humans possess an alliance detection system which 'carries out the functions of attending to who is allied with whom [. . .] by (1) monitoring for patterns of coordination, cooperation, and competition out in the world, and (2) extracting any cues from the environment (such as location, dress, proximity, shared knowledge, etc.) that happen to correlate with these behaviours, whether these are signalled intentionally or unintentionally ' (p. 25) . We suggest that information relating to a group moving together in the same direction will serve as input to any system that functions to extract cues from the environment about potential social alliances.
It is worth stating at this point what we consider to be the constituent features of collective directional movement, how we think these features might influence social judgements, and which of these will be addressed in the current studies. Primarily, there is the directional component. All participants engaged in collective directional movement must necessarily be travelling in the same direction. We propose that this in itself provides observers with important information about the nature of the relationship between the individuals in the group. Our first two studies investigate whether collective activities that are either described (Study 1) or perceived (Study 2) as being directional in nature are associated with higher ratings of perceived cohesion compared to control activities that lack any directional information.
Apart from the directional component, there are two other features of collective directional movement that are likely to influence social judgements when encountered in the visual domain: proximity and behavioural coordination. When groups of individuals travel in the same direction, they usually do so in close proximity to each other. It is possible to imagine a collaborative group that successfully achieves its goal by travelling in the same direction whilst varying their proximity, such as that seen in pincer movements (see also Jacobs, 2010) , but, more often than not, members of directionally moving groups will travel close to each other. The proximity of a group's constituent parts has been linked to how that group is perceived (Campbell, 1958) , and it has been hypothesized as an ostensible input to an alliance detection system (Pietraszewski et al, 2015) . Given our definition of collective directional movement (a group travelling from one place to another), we suggest that proximity might be an important predictor of social cohesion in such groups. This is explored in Study 3.
Similarly, in order to move together in the same direction, members of a travelling group need to achieve a minimum degree of behavioural coordination. Behavioural coordination can be of different types-from those in which the participants move in perfect synchrony to those in which the coordination is much less structured. The effects of behavioural coordination on perceptions of social dynamics have been extensively investigated (e.g., Ip et al, 2006; Lakens, 2010; Lakens & Stel, 2011; Wilson & Gos, 2019) . The consistent finding is that perceivers associate increased behavioural synchrony with higher levels of social togetherness. We might, therefore, predict the same to be true for travelling groups (which can also take different forms, ranging from the close synchronization of military display marchers to any number of more casual formats requiring only a minimal level of coordinated action). We study the effect of behavioural coordination on perceived cohesion in Study 3.
The act of travelling from location A to location B suggests that those involved will be interdependent, sharing a common fate during the journey (see Campbell, 1958 , for a seminal discussion on the link between common fate and social perception; see Wilson et al., 2018 , for a discussion on how collective directional movement implies interdependence). It is difficult to conceptualize a travelling group that does not share a common fate, so we argue that this is an inherent feature of the activity and a promising candidate for explaining how such activities might influence social perception. Study 4 measures perceived common fate and investigates how it contributes to perceived cohesion for both directional and non-directional activities.
A further potential feature emerges from our definition of collective directional movement as a deliberate activity undertaken by a group. This implies that the group members share a common goal, to some extent (see Lickel, Hamilton, & Sherman, 2001 , for a discussion on the link between shared goals and social perception). The most basic goal implied is that of successfully traversing a shared environment. Inferences about a travelling group's goal(s), however, will usually incorporate other information about the purpose for the group's journey, and so may be more complex than inferences about the group's common fate. The relationship between perceptions of common goals and cohesion ratings for directional and non-directional activities is explored in Study 4.
In summary, the studies that follow were designed to test the basic hypothesis that collective directional movement predicts perceptions of social cohesion, and to investigate the nature of this phenomenon.
STUDY 1
In Study 1, participants were asked to rate the social cohesion of pairs of individuals in two conditions: directional and non-directional. We predicted that cohesion ratings would be highest when the pair being rated was described as engaging in directional movement. Prior to data collection, institutional ethical approval was granted for the current study and for the other studies described in this paper. For all studies, participants provided informed consent.
Method
Materials and data for all studies can be accessed at https://osf.io/d6s9c/ Participants were asked to read descriptions of two pairs of people. Each description told of an activity that each pair does together regularly. One of these activities involved directional movement and the other did not.
Participants and design
Participants (N = 62) took part (52 females; M age = 23) voluntarily at the beginning of an induction class. Sample size was based on the observation that previous research (Lakens & Stel, 2011; Wilson et al., 2018) investigating similar phenomena has reported medium effect sizes. A 2 9 2 mixed design was employed. Each participant rated how cohesive they perceived two pairs of individuals to be under two conditions: directional movement and non-directional. This was the repeated-measures component, and we predicted higher cohesion ratings in the directional movement condition than in the non-directional condition. The between-groups component comprised two different versions of the scenarios presented to participants. All participants saw both a 'running' scenario and a 'socializing' scenario. For each of these scenarios, directional and non-directional versions were created and participants either responded to running (directional)/socializing (nondirectional) or running (non-directional)/socializing (directional). If the directional version is associated with greater perceived cohesion, it suggests that directional movement is having an influence beyond what is currently understood about how collective movement influences social perception (e.g., Ip et al., 2006) .
Materials and procedure
After reading an information sheet and signing a consent form, participants were issued with a response booklet (see Appendix S1). The experimenter then provided a brief verbal introduction to the paradigm and explained the task. Participants were invited to work through the response booklet at their own pace. After reading a short introduction, participants were presented with a description of two people. The people described were either called John & James or Sarah & Sue (the pairs of names that were attached to each description were counterbalanced, as was the order that they appeared in). Above the description of the two people was the instruction: 'as you read, try to imagine the people After turning the page, participants were asked to provide a brief written summary of the social scenario that they had just seen. This was done as an engagement check to ensure that participants had paid sufficient attention to the scenario and to allow identification of instances whereby the imagined scenario was discrepant with the presented scenario (e.g., if someone added extra details that changed the scenario in a significant way). After each scenario, participants completed a 10-item measure of perceived cohesion (derived from the measure used by Wilson et al, 2018 ; see Appendix S1). Responses were on a 7-point Likert-style scale and were worded in the following way: 'Based on the description you have just read, how much trust do you think exists between [John & James/Sarah & Sue]?' (1 = They do not trust each other at all; 7 = They trust each other completely).
Items were created that reflected characteristics of cohesion, as per our definition earlier. These included measures relating to prosocial sentiment and social closeness. Items asked about trust between the described pair, the closeness of the relationship between the described pair, levels of bonding, shared humour, camaraderie, friendship, rapport, cooperation, enjoyment of the described activity, and the likelihood of collaborating in the future (definitions of camaraderie and rapport were provided alongside those terms).
It was requested that responses to the items be based on the scenario that the participants had just imagined. After completing the cohesion measure, participants then turned the page to read the second scenario and rated it in the same way, after which they were thanked and debriefed.
Results and discussion
Six participants were removed from the analysis based on the engagement check. Two had failed to complete the second half of the booklet and the rest had expanded beyond the scenario provided when asked to recount the description. Although there were five participants with mean cohesion scores that were outliers in one of the conditions, excluding these did not make a difference to the results, so they are included. The cohesion instrument showed good internal consistency (Cronbach's a = .92).
Descriptive statistics can be found in Table 1 . As can be seen from inspection of the means, when participants considered pairs described as engaging in directional movement, they rated them as being more cohesive compared to their ratings of pairs described engaging in a non-directional way. This was true for both activities.
To analyse the data, we employed linear mixed-effects modelling, using cohesion as the dependent variable. This allowed us to incorporate variance at the participant level (see Judd, Westfall & Kenny, 2012) before assessing the contribution of the fixed effects of movement condition (directional/non-directional) and activity (running/socializing). Although we did not hypothesize any differences between the two activities, we included this factor in the analyses in order to obtain a fuller understanding of our data.
We used the lmer() function of the lme4 package in R (Bates, Maechler, Bolker & Walker, 2015; R Core Team, 2014) . When comparing models, we employed the likelihood ratio test, which compares models on a chi-square distribution (Hox, 2010) . We also report the Akaike information criterion (AIC) and the Bayesian information criterion (BIC). To construct the models, we used the maximum likelihood (ML) method of estimation to facilitate model comparisons. Following Field (2009), we built models by (normally) adding one additional predictor to our previous preferred model and comparing these two models.
We began by creating an intercept-only model (intercept = 5.40, SE = .09, AIC = 319.69, BIC = 325.13, df = 2) to which we added participants as a random effect (Model 1: AIC = 320.80, BIC = 328.95, df = 3). Adding participants as a random factor did not significantly improve the fit over the intercept-only model, v 2 (1) = 0.89, p = .345, but we kept this factor in our models when making comparisons with the fixed effects as including it better reflects the structure of our data set. We then added movement condition (directional/non-directional) as a fixed effect (Model 2: AIC = 302.43, BIC = 313.31, df = 4). Adding this significantly improved fit compared to Model 1, v 2 (1) = 20.37, p < .001. To investigate whether the type of activity described by the scenarios (running/socializing) had an independent effect, we added this factor as a fixed effect to Model 1 (Model 3: AIC = 320.24, BIC = 331.11, df = 4) and compared it to Model 1. This did not result in a better fit, v 2 (1) = 2.56, p = .110. We next created a model that included the main effects of movement condition (directional/nondirectional) and activity, as well as their interaction (Model 4: AIC = 302.42, BIC = 318.73, df = 6). We compared this model to the best-fitting model (Model 2) and found that fit was not improved, v 2 (2) = 4.01, p = .135. The best-fitting model, therefore, was Model 2, suggesting that cohesion scores were primarily influenced by movement condition.
These results support the hypothesis that directional movement is associated with social cohesion. It seems that the simple act of moving through space together suggests a greater degree of social cohesion between actors than do non-directional activities. This hypothesis is tested further in Study 2.
STUDY 2
In Study 1, we found evidence that collective directional movement is associated with higher levels of perceived cohesion when participants imagined others engaged in social behaviours. In the second study, this hypothesis is extended into the perceptual domain by showing participants short video clips of groups either engaged in directional movement or interacting in a non-directional manner, and having the groups rated for cohesiveness. We predicted that groups of individuals would be rated as more cohesive when seen engaging in directional movement.
Method
Participants and design Participants (N = 50; 35 females; M age = 27) were volunteers who responded to email requests for participants to take part in a study on social judgements and had not taken part in the previous study. A repeated-measures design was employed in which participants rated ten video clips depicting groups of people either moving together in the same direction (the directional condition) or not (the non-directional condition).
Materials and procedure
A programme was created that displayed short film clips (without sound) and administered the cohesion instrument after each one. The clips were obtained from a wide variety of sources, from TV drama serials from the 1970s to recent documentaries on current military conflicts. Care was taken not to select clips that may have been familiar to the sample (e.g., clips from well-known TV shows and movies were excluded in favour of obscure clips and/or clips depicting people likely to be unknown to the participants). The intention was to obtain a selection of scenarios that varied in different ways with the stipulation that they all depicted people who were either moving together in the same direction (the directional movement condition) or interacting in a way that did not involve directional movement (the non-directional condition). To achieve this, pairs of clips were sought that depicted the same people, wearing the same clothes, behaving in the same way towards each other, in each of the two conditions: directional movement and nondirectional interaction. Finding such clips was surprisingly easy because in many instances where footage exists of people travelling together, there also exists footage of those same people not travelling together either at the beginning or at the end of their journey (or, in some cases, during the journey when they stopped for some reason). Each pair of clips (directional and non-directional) was edited to be the same length, and care was taken to ensure that the emotions and behaviours displayed in each clip were similar and neutral. The clips are described in Appendix A (which also includes the respective means for each clip on the cohesion measure). The measure of cohesion consisted of the same ten items used in Study 1 (see also the Appendix S1).
On arrival, participants read an information sheet and signed a consent form. The research was described to participants as being on social perception and social judgements. After listening to a brief account of the task, the participants were then told that they would be shown a series of video clips of different lengths, all showing groups of two or more people. It was explained that these would be played without sound and that after each one they would be asked to make judgements about the nature of the relationship between the people in the clips. Each participant viewed and rated ten clips (five in the directional movement condition and five in the non-directional interaction condition), with each clip being one of the pairs described in Appendix A. Clips were presented in a random order. After rating all of the clips, participants were thanked and debriefed.
Results and discussion
Cohesion scores for each clip were calculated by taking the average of all the responses on the ten-item cohesion measure. The cohesion instrument was again found to show good internal consistency (Cronbach's a = .95). Descriptive statistics can be found in Table 2 , which shows that individuals seen engaging in directional movement were rated as more cohesive than when they were seen in a non-directional interaction.
We again used linear mixed-effects modelling in R using the lmer() function. The inclusion of outliers did not change the overall results, so we report the analyses with them kept in. We began by creating an intercept-only model (intercept = 4.51, SE = .06, AIC = 1,707.2, BIC = 1,715.6, df = 2) to which we added both participants and stimulus items as random effects to create Model 1 (AIC = 1,513, BIC = 1,529.9, df = 4), which was a significantly better model compared to the intercept-only model (v 2 (2) = 198.13, p < .001). To this model, we added movement condition (directional/non-directional) as a fixed effect (Model 2: AIC = 1,504.3, BIC = 1,525.4, df = 5). Adding the dichotomous variable of condition significantly improved fit compared to Model 1, v 2 (1) = 10.71, p = .001. Again, the hypothesis was supported, this time by utilizing perceptual stimuli. As in the previous study, behaviours indicating directional movement were found to be associated with significantly more perceived cohesion compared to non-directional interactions. The next study aimed to further investigate the relationship between collective directional movement and social cohesion by examining the contribution of proximity and synchrony. It will also address concerns about potential confounds arising from our use of real-life clips of social interactions in Study 2.
STUDY 3
The results of the previous study suggest that viewing others engaged in directional movement leads to those others being perceived as being particularly socially cohesive. However, it is possible that there are hidden variables that have been overlooked. For example, there could have been other social cues present in the clips that might have given the impression of unity/disunity but which had nothing to do with whether the participants were moving together or not. Additionally, the clips used in Study 2 to depict directional movement necessarily showed the groups engaged in coordinated movement (i.e., they were moving in the same direction) and proximal movement (i.e., they were doing so in close proximity to each other). Given that one can easily envisage social situations in which these two features of behaviour are independent, it seemed pertinent to investigate what factors influence perceptions of cohesion when individuals are seen to be moving together in the same direction. In order to investigate the roles of proximity and synchrony, Study 3 did not compare a directional movement condition with a nondirectional condition. Instead, pairs of geometric shapes were seen moving across a screen at the same pace. The dimensions on which the pairs varied were proximity and synchrony. The pairs displaying low proximity and low synchrony as they travelled across the screen were expected to be perceived as being the least cohesive, and the pairs displaying high proximity and high synchrony were expected to be perceived as being most cohesive.
Method
Participants and design Participants (N = 27; 23 females; M age = 25) were recruited via a participant database maintained by our division and classroom appeals. A repeated-measures design was employed in which two cohesion, proximity, and synchrony ratings for pairs of dots moving across a screen were recorded for each of the four conditions that derive from factorially crossing proximity (low, high) with synchrony (low, high).
Materials and procedure
We created eight short animations, each depicting a red dot and a blue dot moving across the screen from left to right. In each clip, the dots started next to each other on the left-hand side of the screen and then, 20 s later, ended up next to each other on the right-hand side of the screen. Two animations were created for each of the four conditions. For the high proximity animations, the two dots stayed close to each other for the entire duration; for low proximity animations, one dot moved to the top of the screen and one dot moved to the bottom of the screen, before coming together again at the end. For the high synchrony animations, the two dots both behaved in exactly the same ways during the 20 s (i.e., their behaviour was perfectly synchronized); for the low synchrony animations, the two dots behaved in completely different ways during the 20 s (i.e., their behaviour was not synchronized at all, except for the fact that they were travelling towards the same location). As the task was somewhat unusual (assigning sociality to geometric shapes), a brief orienting task was also administered after participants read the information sheet and provided consent. This involved providing participants with a short introduction to the field of social perception and then showing them a brief segment (10 s) from the clip used by Heider and Simmel (1944) in which geometric shapes are perceived as social actors. We chose a section of this clip that clearly showed one of the geometric shapes displaying fear of another geometric shape and asked participants to answer a question about the social relationship between the shapes in the clip (the answer to which was deliberately straightforward given the specific selection of the segment). After completing the orienting task, participants were told that the main task would involve them making social judgements about animated geometric shapes. After having had the chance to ask questions, participants proceeded to the main task. The order that the animations were presented in was randomized. After each clip, participants completed a version of the 10-item cohesion instrument used in the previous studies. Additionally, participants rated the synchrony and proximity of each pair of shapes. After providing ratings for the eight clips, participants were thanked and debriefed.
Results and discussion
The internal consistency of the cohesion measure was again found to be high (Cronbach's a = .98). Outliers were included as they were found not to make a difference to the outcomes of the analyses. Descriptive statistics can be found in Table 3 . Inspection of the means suggests that both proximity and synchrony contribute to perceived cohesion, with proximity appearing to have the largest influence.
Again, we constructed an intercept-only model (intercept = 4.36, SE = .13, AIC = 909.52, BIC = 916.27, df = 2) to which we added both participants and stimulus items as random effects (Model 1; AIC = 780.08, BIC = 793.58, df = 4), significantly improving the model fit compared to the intercept-only model, v 2 (2) = 133.44, p < .001. To Model 1, we added the synchrony ratings (Model 2; AIC = 742.09, BIC = 758.96, df = 5), again significantly improving the fit, v 2 (1) = 39.99, p < .001.
Model 3 replaced the synchrony ratings in Model 2 with the proximity ratings (AIC = 746.38, BIC = 763.25, df = 5), and we compared this new model with Model 1. Proximity ratings also made an independent contribution to model fit, v 2 (1) = 35.70 p < .001. We then built a model that added both the proximity ratings and the synchrony ratings as covariates to Model 1 (Model 4; AIC = 704.80, BIC = 725.05, df = 6) and found that this model was a better fit to our data than both Model 2 (the model with synchrony as a single covariate), v 2 (1) = 39.29, p < .001, and Model 3 (the model with proximity as a single covariate), v 2 (1) = 43.58, p < .001.
Finally, we built a model (Model 5) that included all of the terms from Model 4 and added the interaction of synchrony and proximity (AIC = 706.63, BIC = 730.26, df = 7). This did not improve fit compared to Model 4, v 2 (1) = 0.17, p = .683. The best-fitting model, therefore, was Model 4, in which ratings of proximity and synchrony make independent contributions. The picture that emerges from these data suggests that, for entities moving in the same direction, both behavioural synchrony and proximity are important in determining how cohesive the entities are perceived to be, with proximity appearing to be the more important predictor of the two (see Table 3 ).
STUDY 4
As discussed in the introduction, most groups engaging in directional movement will share a common fate during their journey. This raises the possibility that perceivers may utilize judgements about the group's fate when estimating social dynamics. Similarly, many such groups will also share goals, although as we stated previously, the perception of shared goals is likely to involve a more complex series of inferences compared to the perception of common fate, and so may not be as strongly linked to the perception of social cohesion as we expect perceptions of common fate to be.
The purpose of Study 4 was to replicate the effect of collective directional movement on perceived cohesion using a new textual manipulation and to investigate whether the effect is due to perceptions of common fate and/or shared goals. Using a different textbased scenario to what was used in Study 1 allows us to be more confident that our effect is generalizable to other instances of implied directional movement. Both of the scenarios used in Study 1 described recurring activities (the individuals were described as meeting once a week), whereas the scenarios used in the current study involved groups of strangers engaging in a single activity that takes place over an extended period of time. This should provide us with a picture of how directional information influences perceptions of group cohesion that is not influenced by considerations of the existing relationship between the individuals described.
Method
Participants and design Participants (N = 128; 64 females; M age = 28) were recruited via an online recruitment platform (Prolific Academic), were fluent English speakers, and were paid the equivalent of £5/hour. A repeated-measures design was employed in which participants were asked to read and reflect upon descriptions of two groups, one of which was described as engaging in directional movement and one of which was not. Participants rated each group on cohesion, common fate, and shared goals. Materials and procedure After providing informed consent and reading instructions explaining the task (see Appendix S1), participants read and rated two scenarios, one after the other. The order of presentation was counterbalanced across the sample. The scenarios are reproduced below and were based on similar items successfully used by Wilson et al. (2018) . Directional: We would like you to imagine a group of eight people travelling on an important journey. The journey will take three days. None of the group knew each other before they began their journey. All members of the group volunteered to go on the journey.
Non-directional: We would like you to imagine a group of eight people attending an important event. The event will last for three days. None of the group knew each other before they met at the event. All members of the group volunteered to attend the event.
After reading the description, participants were instructed not to proceed until they had a clear image in their heads of what the group might be like during the activity described. At this stage, we presented four questions designed as attention checks to make sure that the scenarios had been read and understood. These asked about basic facts that were part of the described scenario and an error or omission on any of these questions resulted in exclusion from the analyses. A further question asked participants to state two things that they imagined happening during the time that the group was together. Failure to provide two responses for each scenario resulted in exclusion. If the responses provided indicated that a scenario had been misconstrued, or if an imagined aspect was deemed inappropriate for the condition (e.g., mentioning a directional movement activity in the static condition), then the data for that participant were excluded. We put in place more stringent attention checks and exclusion criteria for Study 4 because, unlike the prior experiments, this study was conducted online. The exclusion criteria for this study were pre-registered and can be viewed at https://osf.io/xmtuc/?view_only=df7a2d 8556fd4464a05562b6a8fc0f6b. The measured variables were the same 10-item cohesion measure used in previous studies along with questions asking about perceptions of common fate and shared goals. These were worded in the following way: 'Based on how you imagined the scenario, to what extent would you say the group members shared the same goals whilst they were travelling/at the event?' (1 = Their goals did not overlap at all; 7 = Their goals overlapped entirely); '"Common fate" is the extent to which an individual's fate is linked to the rest of the group. Based on how you imagined the scenario, to what extent would you say that the group members shared a common fate during the journey/event?' (1 = The fate of each individual was entirely separate to the rest of the group; 7 = The fate of each individual was entirely linked to the rest of the group). All responses were provided on a 7-point Likert-style scale.
Once participants had rated the scenarios, we asked some final questions as a general engagement check (e.g., To what extent did you hurry through this survey? 1 = Not at all; 7 = Very Much) and provided participants with an opportunity to tell us anything they thought we needed to know.
Results and discussion
Twenty participants were excluded from the analysis. Six were excluded because they mentioned directional movement in their description of the non-directional scenario; seven due to inappropriate or incongruous descriptions of the imagined scenario; six due to incomplete or incorrect responses to the attention checks; and one due to the participant reporting to the researcher that they thought they had done the same condition twice.
The internal consistency of the cohesion measure was again found to be high (Cronbach's a = .91). There were six participants who had at least one of their mean cohesion scores more the two standard deviations from the mean of the condition. Analyses were performed both with and without these participants, and it was found to make little difference to the overall results. We note where there was a difference where appropriate. The engagement checks showed that participants were engaged and a composite measure of engagement was not found to be related to the dependent variable, and so will not be considered further.
Descriptive statistics can be found in Table 4 below. They suggest that all measured variables were rated higher, on average, in the directional movement ('journey') condition compared to the non-directional ('event') condition.
As with the previous analyses, our dependent measure was the averaged cohesion score. We began by creating an intercept-only model (intercept = 4.04, SE = .07, AIC = 582.52, BIC = 589.12, df = 2) to which we added participants as a random effect (Model 1: AIC = 576.55, BIC = 586.45, df = 3). This was found to be a significant improvement over the intercept-only model, v 2 (1) = 7.97, p = .005. To Model 1, we added condition (directional/non-directional) as a fixed effect (Model 2: AIC = 564.33, BIC = 577.53, df = 4). Adding this effect significantly improved fit compared to Model 1, v 2 (1) = 14.22, p < .001, supporting our basic prediction.
We next investigated the contributions of our covariates. Model 3 added the ratings of common fate (AIC = 524.97, BIC = 541.46, df = 5). When compared to Model 2, the model with common fate was a significantly better predictor of cohesion, v 2 (1) = 41.36, p < .001. We then looked for an interaction between common fate ratings and condition (Model 4: AIC = 525.29, BIC = 545.08, df = 6), but this model did not improve fit over Model 3, suggesting that there was no interaction, v 2 (1) = 1.68, p = .195.
Model 5 investigated the independent contribution of the shared goal ratings (AIC = 546.95, BIC = 563.44, df = 5). We compared this model to our condition-only model (Model 2), finding that the model that included the shared goal ratings was a significant improvement, v 2 (1) = 19.38, p < .001. Adding an interaction term between the shared goal ratings and condition (Model 6; AIC = 548.71, BIC = 568.50, df = 6) did not improve fit over Model 5, suggesting no interaction between the shared goal ratings and condition in terms of their ability to predict cohesion, v 2 (1) = 0.235, p = .628.
Model 7 included the ratings for both common fate and shared goals (AIC = 523.23, BIC = 543.02, df = 6). This was found to be a better fit than Model 5 (shared goal ratings only), v 2 (1) = 25.72, p < .001. The improvement over Model 3 (common fate ratings only) was marginally significant; v 2 (1) = 3.74, p = .053. This result suggests that the ratings of common fate may have more explanatory power than the ratings of shared goals (note: when the analyses are performed with outliers on the cohesion measure removed, the difference between Models 7 and 3 becomes more definitively non-significant, v 2 (1) = 3.31, p = .069.
Model 8 built on Model 7 by adding a term for the interaction between common fate and shared goals (AIC = 524.60, BIC = 547.69, df = 7), but this was not a significant improvement over Model 7, suggesting that these covariates make independent contributions, v 2 (1) = 0.63, p = .429.
Finally, we compared Model 7 (includes fixed effect of condition, common fate, and shared goals) with a model that comprised only common fate and shared goals (Model 9; AIC = 525.42, BIC = 541.92, df = 5). This was done to assess whether the covariates could account for the cohesion ratings without taking the condition into account. The model that included condition (i.e., Model 7) was a better fit to the data, v 2 (1) = 4.20, p = .04 (note: when the analyses are performed without participants who were outliers on the cohesion measure, this difference becomes more pronounced, v 2 (1) = 11.53, p < .001. This suggests that, although both covariates make independent contributions towards explaining the variance in cohesion ratings (with the common fate ratings being the more dominant predictor of the two), they cannot fully explain the difference in the cohesion ratings between the two experimental conditions.
Although we have demonstrated that cohesion is influenced by directional movement and perceptions of common fate and shared goals, we have not demonstrated that directional movement is related to common fate and/or shared goals. To test for a relationship between directional movement and the perception of common fate/shared goals, we conducted exploratory model tests. We first constructed a null two-level model predicting common fate (Model 10: AIC = 765.85, BIC = 775.75, df = 3) and compared it to a two-level model with condition as a fixed effect (Model 11: AIC 746.58, BIC = 759.77, df = 4). The latter model was a significantly better fit to the data, v 2 (1) = 21.28, p < .001, indicating that directional movement predicts higher ratings of common fate compared to the non-directional condition (see Table 4 ).
We did the same analysis with perceptions of shared goals as the dependent measure. The null two-level model (Model 12: AIC = 688.65, BIC = 698.55, df = 3) fits the data as well as the model with condition as a fixed effect (Model 13: AIC = 687.92, BIC 701.12, df = 4), v 2 (1) = 2.73, p = .099, suggesting that, unlike the ratings for common fate, ratings for shared goals are not different in the directional and non-directional conditions.
GENERAL DISCUSSION
The results from four studies, using a variety of methodologies, generally support the hypothesis that groups engaging in directional movement are seen as being more cohesive compared to groups engaged in non-directional activities. Taken in isolation, each of our studies and methodologies has strengths and weaknesses. This is partly due to the challenges in operationalizing the central constructs and in implementing appropriate control conditions. Identifying suitable control conditions for studies such as these is particularly difficult because it is not obvious what characteristics the non-directional conditions should have (or not have) in order to allow for a fair comparison with the directional conditions. Taken together, however, the consistent results from our series of studies offer good support for our hypothesis. Study 1 demonstrated the effect using two social scenarios that were presented textually in both directional and non-directional formats. Wilson et al (2018) found that collective directional movement was associated with higher self-reported cohesion compared to non-directional activities. We extend these findings by demonstrating that information about unknown individuals engaging in directional movement together is used by perceivers to make inferences about their ostensible social relationship, and that it is the directional component of the information that influences such judgements. Not only do people feel more cohesive when they have engaged in collective directional movement, but also other people expect them to feel more cohesive. Although it was not a focus of the current work, it is worth mentioning that pairs in the 'running' scenarios in Study 1 were rated as being more cohesive when they were described as running together in the hills (directional) compared to on treadmills (non-directional). This suggests that the effect is not solely due to similarities in movement, and mirrors a finding reported by Wilson et al (2018) in relation to first-person experience. A post hoc test confirmed that the cohesion scores on our two versions of the running scenario were significantly different, t (54) = 3.45, p = .001, two-tailed. This is something that should be explicitly addressed in follow-up work.
Study 2 demonstrated that the effect extends to ratings based on video clips. Aside from replicating the effect in another domain, the data from the second study revealed how robust the effect is. Although the stimulus clips were disparate in terms of the nature of the groups shown, all but one pair conformed to the predicted difference in cohesion ratings between the directional and non-directional versions (see Appendix A).
Another aim of the current work was to test whether the effects of collective directional movement on perceptions of cohesion could be explained by other factors, such as those relating to the act itself and other potential confounds. Study 3 removed the possibility of confounding social cues by using geometric shapes as stimuli and investigated the respective roles of proximity and behavioural coordination. Both were found to make independent contributions to the variance in cohesion ratings, with proximity being the more dominant of the two. Study 4 replicated the basic effect and revealed that ratings of common fate and shared goals both make independent contributions, with common fate ratings emerging as the better predictor (indeed, common fate ratings were significantly higher in the directional scenario, which was not the case for the shared goal ratings). However, the variance explained by these covariates was insufficient to entirely account for the difference in cohesion scores over the two conditions (directional/non-directional). This result broadens our understanding of the effects of collective directional movement by suggesting that directional information contributes something to perceptions of cohesion over and above information indicating shared goals and common fate. Future work should aim to clarify what other influences might exist. As previously stated, inferences about the goals of a travelling group's members may be more complex and heterogeneous than inferences about that group's common fate. Future studies might want to manipulate perceptions of goal overlap in order to understand its contribution to perceived cohesion, both independently and in conjunction with perceptions of common fate (and any other covarying factors yet to be identified).
Taken together, our findings suggest that extracting information about social dynamics from the movement of groups involves more than what traditional research into this topic has suggested. Our results point to directionality as a feature of dynamic social interactions that should be considered as an important contributing factor alongside what has traditionally been shown to have an influence on such judgements, such as behavioural coordination. Specifically, directional movement that implies a common fate and is undertaken in close proximity appears to be particularly potent as a means to judge social closeness.
Our findings do have limitations. Asking people to make social judgements based on short text descriptions (Studies 1 and 4) may not reflect how such decisions are usually made. There is also likely to be a degree of heterogeneity in the way different people conceptualize the same scenario (this was evident from the short descriptions provided by participants in Study 4). Similarly, there are ecological validity issues when using simple geometric shapes as social stimuli (Study 3). Again, how people engage with these artificial stimuli may be a source of uncontrolled variance, and so we must be careful not to extend the findings from such studies too keenly, as more work needs to be done to understand how the various contributing factors interact with each other and whether the same effects can be demonstrated with different stimulus formats. What our results generally suggest, however, is that information about directionality is taken into consideration over a range of domains when making inferences about social relationships.
Our cohesion instrument, although clearly reliable (see also Wilson et al., 2018) , has not been evaluated in any other way, and so this must also be considered a potential limitation of the current work. One aim of future research should be to further validate this instrument, and also to explore how it relates to other relevant variables. Doing so would help establish a broad foundation for the reported phenomena and place it within the wider social perception literature.
Understanding how our results articulate with other phenomena concerning the perception of groups should be a focus for future research. For example, are directionally moving groups seen as being more 'group-like' than other groups, a phenomenon known as entitativity (Lickel, Hamilton, & Sherman, 2001) ? If so, what might be the implications for how perceivers prepare to interact with such groups: are they assessed as a potential threat, for example (Hackel, Looser, & Van Bavel, 2014) ? Additionally, boundary conditions need to be mapped. Based on what we presently understand about group perception (see Yzerbyt, Judd, & Corneille, 2004 , for an overview), we might expect participants to consider the composition of the group (e.g., who the group members are/ what their relationship is to each other) and/or the process by which the group coalesced into a unit (e.g., the choices made by the participants and the reasons for those choices) when making judgements about a group's social dynamics. This is something that future work might manipulate. Similarly, information about the effort involved in participation or sacrifices that individuals make in order to participate may also influence judgements about social dynamics. In relation to this, Lakens and Stel (2011) and Wilson and Gos (2019) both reported data suggesting that social judgements made by observers on the basis of movement dynamics are mediated by inferences about the intentions of the individuals being observed.
Understanding boundary conditions is particularly challenging given that collective directional movement is now a much broader class of social behaviour than at any previous point in human history. We live in an age of mass transit, where technology can transport individuals in ways and over distances that earlier generations would not have been able to imagine. These are very different formats of collective directional movement compared to what humans were engaging in for thousands of years before the advent of such innovations. Where once humans engaging in collective directional movement could reasonably be said to have had some form of social relationship with their travel companions, our recent history has turned this on its head, and humans now regularly engage in such behaviours with strangers. Yet, all versions of mass transit retain some core attributes of the basic behaviour: people get together and move through space, from one place to another. How are our perceptions of social dynamics influenced by the various versions of directional movement that we now implement in modern societies? Does the inevitable common fate of accidental travel companions interact with other social forces? These remain open and empirical questions for future research to investigate.
Given its ubiquity and inherent properties, it would be surprising if collective directional movement was not exploited by mental systems involved in deriving meaning from the world of others, just as visual systems exploit the properties of the physical world. It is a social phenomenon that we see almost everywhere we look, yet the social psychology community has had relatively little to say about it beyond what is known about the links between movement synchrony and socio-perceptual phenomena (Reddish, Bulbulia, & Fischer, 2014) . As such, we hope that the current paper encourages other researchers to take up investigating collective directional movement as a social psychological phenomenon, given that it is one of our most common and familiar social behaviours. 
